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PREFACE. 

A t the last Meeting of the Board of Agriculture a Committee 
of the chemists who were present was appointed to 
discuss methods of analysis and to decide whether any 
such should be defined as “ Official.” The results of the 
Committee’s deliberations were that it is desirable to adopt 
certain methods as “ Official,” the use of which will be binding 
on chemists of the .Agricultural Department, and these methods 
were specified. In other cases certain methods were recoin- 
mended for use. It was also recommended that a synopsis of 
these methods should be published for use in the Chemical 
Laboratories of the Department, and the President of the 
Board sanctioned this publication. 

There has been .some delay in giving effect to this, but it 
has been unavoidable. The methods concerned are detailed 
in this Bulletin. “ Official ” methods are printed in thick type. 


PUSA : 

The 22nd June 


J. WALTER LEATHER, 

Chairman of the Committee. 




OFFICIAL AND RECOMMENDED METHODS FOR 
USE IN CHEMICAL LABORATORIES OF THE DEPARTMENTS 
OF AGRICULTURE IX INDIA. 

SOILS. 

definition op surface soil.— ! n all ordinary cases, and unless 
special circumstances interfere, the surface soil shall be defined 
as the first 20 cms. 

definition of fine earth— After air drying, the soil shall only 
be crushed and pulverised with a wooden roller or mallet; it 
must not be ground in a mortar. The “ fine earth” shall be that 
portion which will pass through a sieve with round holes i m.m. 
diameter. 

Physical Analysis. 

(i) Seiliiiicnl,ation in bc.akcrs is recomniciKlod. 

ii, Depth of water 10 cins. 

(iii) Prcliminarv treatment of the soilwilh ai:id to remove the c.ileliiin 

carboii.ate w.is iiiianimou.sly objoetod to. 

(iv) Boiling the soil was considered of doubtful utility. 

(v) In .all ca.ses the .actual or .average size of particles must bo 

checked bv aclu.al tnieroscopie measurcinent. 

(\ i) Tlie following periods of .scdiiiienl.ation .are recommended 24 
hours, 2 hours, 30 minutes, 10 minutes, 75 seconds, sieve 90 
meslies to one line.ar inch. 

Chemical Analysis, 

(1) Matter soluble in Hydrochloric acid — When it is de.sired to 
delerinine constituents whicli are soluble in concentrated hydrochloric 
.acid (he " lino earth ” should be first ignited and then heated just at the 
boiling point on a sand bath for 8 hours in hvdroebinrii: .arid of rirj 
spoiific gravity {’fi per cent. IICI). 

(2) AVAILABLE POTASH AND PHOSPHATE.-Dyer’s method as 
detailed in Journal of the Chemical Sociefi/, 1894, page 
115:- 

‘The determinations of solubility in citric acid solution were 
made as follows : — A weight of air-dried soil corresponding to 200 

Methods which have been adopted as ‘‘ OHicial ” sre printed in thick type. 
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grams of completely dry soil was placed in a Winchester quart 
bottle with two litres of distilled water in which were dissolved 
20 grams of pure citric acid. (Winchester quarts which had been 
used for the storage of strong acids were chosen in order to elimin- 
ate the possibility of dissolving potash, etc., from the glass. 
The bottles were rinsed many times, allowed to rest full of water 
for some days and again rinsed.) The soil was allowed to remain 
in contact with the i per cent, citric acid solution for seven days, 
being, except on one day, shaken up a great many times each 
day, whenever, that is to say, the soil had settled down. The 
bottles rested, however, at night. Altogether the shaking up, 
which was not violent, but only sufficient to break up the cake of 
mud which formed each time tlie soil settled down, may have 
been performed on each sample about 4.00 times. 

“ After seven days’ treatment as above, the solutions were 
filtered; 500 c.c., i.e,, the solution from 50 grams of soil, were 
used for each determination. In each case the solution was 
evaporated to dryness in a platinum basin, and gently incinerated 
at a low temperature. The residue was dissolved in pure hydro- 
chloric ,'ic id, evaporated to dryness, re-dissolved and filtered. In 
the filtrate the phosphoric acid or potash, as the case might be, was 
determined by the methods already described, and as the actual 
precipitate weighed represented 50 grams of soil, the multi- 
plication of any experimental error in converting into percentages 
was minimised.” 

{3,' Organic Carbon. — Tlie two following moclifioation.s of the 
chromic .ncid method are recommended; the first b\- Dr. Mann, the 
second is used in the Pusa [..aboratorv : — 

J)r. Mann's mollification . — Ten grams of the .soil passed througli a 
sieve with i m.rn. round holes are pLaced in a flask of 200 to 300 c.c. 
capacit) , provided -vith an india-rubber stopper through wliich pass 
tv 0 tulics, one for the supply of liquids and the other for the delivers' 
of gas. The gas delivery tube pas.ses linst through an inverted con- 
denser about 6 inches long. The tube for supplv of liquids is fitted at 
ti.e upper end with a tube containing moist solid caustic potash. The 
soil ir first treated with 20 c.c. water and 30 c.c. strong sulphuric 
acid and an aspirator attached to the upper end of the short condenser. 
T.ie soil witli tlic acid is then Iieated on the water loath and a slow 
current of air passed througli the apparatus for half an hour, when 
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-ill the r.arhonates are dccompascrl and tlio rarlKinic arid (lri\rn off 
Mitliout anv .serious conrenlration of tho arid. 

Tlie upper end of the condenser i,s now conneeled nilli i a CaCI., 
*,ibe and (a'l potash bulb.s (follorved by CaCl., tiilio as u.suaD, and fi 
..raras lineK' powdered biidiromate of potash are added to llic flask. 
i'i). is at once evolved, and a gentle current is kept going tlirnugh tiie 
apparatus bv means of an aspirator. After the pressure iieromos again 
normal, the water bath is again liealed. and kept boiling for Jive boms, 
tlw aspirator being kept going gcntli- all the time. Tneiily minutes 
further are allowed to sweep any CO,, remaining out of the apparatus, 
and then the potash bulbs are weighed. ^ ^ 

The carbon calculated from this increase in uciglit lias (o be iiiulli- 
plied by r25, this being the constant relationsliip sliown by tins method 
to that' of drv combustion, and then the organic mailer is to lie calculated 
b\- reckoning it to contain 3S per cent, carbon multiplied by 17240 
’ Pusa mclhil.—A suitalile i|uantity of soil is heated carefully in a 
flask with some potassium bichromate and sulphuric acid plus water. 
The water is vapourised and expcdled from flic reaction flask, so that 
the sulphuric acid gradually becomes more and more coiiccnlrated. 
Tiie steam and other gases pass Into a vertical condenser, and the water 
falls from this into a .small flask below. The damp ga.ses pass from the 
upper end of the condenser to a combustion tube containing red licl 
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copper oxide, and from this througli drying tubes and soda lime tubes 
as ill an\- d(‘termination of carbon dioxide. After the oxidation procc-s 
is complete in tim flask, air is aspirated througli the apparatus in ti .> 
manner custoinarv lor combustion or carbon dioxide delcniiinalior.:-. 
Tile reason wiiv somewhat diluted sulphuric acid is adopted for tbi* 
inilial stages of tlio oxidation process is because otherwise the sulphuric 
and chromic acids react togetlier irrespective of the carbonaceous matter 
present and invariably give alow result; and the reason for distilliii^r 
tlic water out of the reaction flicsk is to admit of bringing concentratc'd 
sulpiuiric ac.id to bear on the organic matter toivards the end of the 
oxidation. The inclusion of the copper oxide tube is to provide for the 
oxidation of any carbon monoxide wliich may be formed. The result of 
this determination naturally includes the i-arboii dioxide of tlie carbon- 
ales in the soil. The latter must therefore be estimated separately and 
detluclcd. 

Tiic subjoined iliustration shows the apparatus. The oxidation U 
carried out in the Krienmeyer flask, ivhicii has a tapped funned and 
ground >topjM*r. ft is aUache<l to the small spiicrical flask, and this is; 
attached to the vertical condenser. Then follows the combustion lube*, 
and finally the absorption tubes. Two sulphuric acid drving tulips: 
ar<‘ inserted, of which the second is weighed. Its weight should remain 
practically constant until tlic first requires re})lacement, Two soda 
lime tubes .should be generally sulftcient. The aspirator is onlv attached 
at liie conclusion of the oxidation. The amount of water which collects 
in the sjiherical flask measures about lo or 15 c.c,, and remains con- 
stanilv hot so that no carbon dioxide Is retained. However^ it mavbo 
boiled if desired. 

The time occupied for the oxidation is about half an hour, and out) 
hour may be allowed for the whole analvsis. 

(4] Carbon Dioxide oi Carbonates.— The methods reconimcndcd 
arc :—(«'• Generallou of COo in a suitable flask and absorption in C 
lubes and weighment, [b] Amos’s melliud, as described in Agri. 

Sci., Voh 1, Part 3, Oct. 1905, namclv 

A weighed quantity of soil is put into the flask B an<l sliaken up itii 
yS c.c. of carbon dioxide free water (anv weight of soil niav lie used 
up to 50 grams, containing not more than 0 5 gram of lime : tlie 
apparatus is now connected up as in the figure except that the end V 
of tlie rubber tube is connected directly witli tlie pump, and a stream 
of air is drawn through the apparatusj so that all the atmospheric 
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t-irhon dioxide is swept out i the pump is stopped and the Keiset C 
i:-,;m(luced between Y and the pump, and the i>ump started aeain, so 
i lit a steady stream of air free from carbon dioxide is dravMi tlirouyrh 
S' apparatus. Twenty c.c, of strong hyctrocldoric acid are now run 
' no B by means of the dropping funnel, and the contents of t! 
eradnally brought to the boiling point; the boiling is continued for 20 
iiiimites to ensure all the carbon dioxide being swept into the Reisei C, 
The titration is carried out in the lower part of the Reiset apparatus, 
into which the contents of the absorbing tube are washed, ph.enol- 
phtlialein is added, and normal hydrochloric acid run in until tlie pink 
colour begins to fade, llren dcci-normal hydrochloric ariil is run in until 
tlie colour is completely discliarged, the reading of the tleci-normal 
hydrochloric acid is now taken, methyl-orange is added, and the titration 
continued until the methyl-orange shows an acid reaction ; a second 
roMling of the hydrochloric acid is now taken. 

The difference betneen the two readings gives the volume of deci- 
iiormal hydrochloric acid required in the erpiation, 

XallCO- -L HCI = XaCl -h H ,0 -i- CO,,, 
and hence we get the weight of calcium carbonate originallv present in 
Ihe soil. 

The object of employing nornwd hydrochloric acid in the first part 
01 the titration is to prevent iinneces.sarv dilution, but the liipiid must 
he kepi in motion so that the acid is never in excess at anv point with 
ninsequent evolution of CO^. 

f.s) Sulphates. — Tlie soil should not be ignited before extracting 
sulphates, 

( 5 ) Potash — ^The Lindo-Gladding method is recommended, 

LindosQladding Method. 

(i) Preparation of Reagents. 

[n] Aiiimonnim Chloride solntion . — Dissolve too grams of am- 
iminium chloride in 500 c.c. of water, add Irom 0 to lo grams ol 
piiherizcd potassium-platinic i liloriile, and shake at infenais for six or 
' '"I’t hours. The niixlurc is allowed to .settle over night and liltcrcd 
and the residue is ready for tlie preparation of a fresli .supply, 

idj Platinum solution.— The platinum solution u.sed cont.alns 
t gram of metallic phalinum (2‘i grams of H.,PtCI,;) in every 10 c.c. 
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(2) Methods of mahino Solution, 
to) ]Vith pota-ih snlts and mi.\ cil fertilhcys.—VioW 10 grams of 
thr sample with 300 c.c. of wafer thirty minutes. In the case of niixcil 
fertilizers, .iihl to the hot solution a slight excess of ammonia and then 
saniiieiit powdered ammonium oxalate to precipitate all the lime 
pre-sent. Cool, dilute to 500 c.c., mix an<l pass through a dry filter. 
In case of muriate and sulphate of potash, sulphate of potash and 
magnesia and kainil., dissolve and dilute to 500 c.c. without the 
adclition of ammonium and ammonium oxalate. 

[h) With oroattic compounds . — When it is desired to determine 
tlie total amount of ])otash in organic substances, such as cotton-sen] 
meal, tobacco .stems, etc., saturate to grams with strong sulphuric add, 
and ignite in a ninlllc at a low red heat to dostroy organic matter. 
.Add a little strong hvdrochloric acid, u .arm slightly in order to loo.seii 
the mass from tlie dish, and proceed as directed under (3) (it). 

(3) Dderminntion. 

[a] In mi.cid fertilisers. — Evapor.ato 50 c.c. of the .solution made 
according to (2), corresponding to 1 gram of the sample, nearly to 
drviu'ss, nild i c.c. of dilute sidpluiric acid (t to i), evajiorate to 
drvness and ignite to whiteness. As all the ])otash is in form of 
snlidiale. no lo.ss need be apprehended by volatilization of ]iota,sh, and 
a lull red heat must be maintained iinlll the residue is perfectly uhilc. 
Dissolve the residue in hot water, u.sing at least 20 c.c, for each 
ilech'i'am of K.,0, add a few drops of hvdrochloric acid and plalimim 
solution in excess. Evaporate on a water bath to a thick paste and 
In-al tlie residue with So per cent, alcohol, sp. gr, o'Sbgj, ai'oiding tlir 
■nhsoi'iition of ammonia. Wash the prcciiutato tlioroughly wltli So per 
cent, alcohol both liv decantation and on tin' filter, continuing Ihe wa.sliiiig 
after Ihe Ullrid'' is colourless. Wash fiially with 10 c.c. of the 
ainmoiiiiim chloride solution (i) [ti] to remove impurities from (lie 
l)reci|)italc and repeat this wtishiiig live or six times. AA'ash again 
therougl'lv with 80 per cent, alcohol and dr\ (lie jirecipitate for tliirlr 
iri'Uifi'S at 100". The precipitate should be perfccllv soluble in water, 
(y,: Phosphoric acid. — Any standard method. 

(8; Nitrates — Warington's modilication of Scliloesing's method is 
recommended [s'idc Joiini/it of the Chemical Society, 1SS2, 345, and 
SuttonT Volumetric zVnalvsis, page 263.) 
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feeding stuffs. 

(1) Proteids.—Tlic (wo methods for the .soparallon of the pioleids 

recommended arc precipitation witli (rz) Stutzer’s Copper Ilyiiratc 
and (i) Mallet’s Phospho-tungstic acid. 

{,!) Siuteer’s Precipitant.—wa grams of Copper Siilph.ite arc 
dissohed in 5 litres of water and 2j grams of glr cerine added. If nougli 
dilute sodium hydrate is added lo render the whole slightly alkaline. 
The precipitated copper hydrate is poured on to a filter, allowed to 
drain, relurnci! lo the bottle and .shaken up with water conlaiiiimr 
5 grams of glycerine per litre. It i.s again brought on to a liltcr and 
the nltcrnate washing with dilute glycerine and removal of the w ashing 
liquid is repeated until the last trac.es of rdkali and .sulphate tiro 
removed. Finally, the washed cojiper ludrate is mixed with rr ater 
containing 10 per cent, glycerine and diluted to one litre. Of this 
10 c.c. is usually employed for each dcteriiiiiialion. 

Method of Precipitating Prolcids.—Wmui. one gram of liiielv 
ground seeds or cakn or two grains of straw are healed to boiling in 
100 e.c. ol water : then add 5 c.i:. of saturated solution of alum and tlion 
10 c.c. of the copper hydrate inixluro. .Mlow to stand for six hours 
and tlien filter. 

(2) Starch.— Horace Brown’s modification of OtSullivan’s 
metliod (Trans. Guinness Research Laboralories, Vol. 1 , Pari I) 

The details of the new method for delcriniiiing .starch in barlev and • 
limit are as follows 

The grain is first ground very finely in the .Maorcker mill and ahoiil 
S grams are weighed out into a paper thimble and placed in the extrai:- 
lioii apparalns, the moisture being determined on another portion of the 
.ground material. 

t'thcr cxlradion is omitted, as the fats, besides not being a ilisiurb- 
ing element, are equally well extracted by the alcoliol. 

Highly c.c. of alcohol of specific gravity o'yjo are introduced inio 
the copper flask, and the working of the apparatus adiiisled so dial the 
barley in the fliimblc is washed with alcoliol of sp. gr. o'goo fur tliree 
hours,’’ when the whole of the reducing subslances and alcoliul-soluljle 
nitrogen compounds are removed.t It is satlsfactorv lo note that no 

Matt requites about ylajurs' washing, owing to a liiglier contejit nf reducing sugars, 
t Duiing this alcohol extraction frothing often takes place ; to prei etit this, it is better 
as a rule, to place about 0*5 gram of high melting point paraffin in the copjier fiask. 
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starch can at anv lime lie detected in the extracts, so tliat loss from this 
source, ivliich is almost unavoidalilo when large quantities of water liaie 
to he used, is now obviated. 

'I'hc contents of the tliimble arc notv transferred to <a beaker r-ontam- 
ing about too c.e. of water, and the whole thoroughly boiled After 
cooling to 57" C., to c.e. of an active malt-extract arc added and the 
conversion is allowed to proceed for 60 ndnules. Tlie solution is tlicn 
boiled, lillered into a 200 c.c. flask, the residue well washed, and the 
volume adjusted after cooling. The cupric imduclion of 20 c.c, of the 
.solution is determined under the .standard conditions laid down b\' 
I’rown, .Morris, and 'SWWxr {Journal of t ho Chemical Society, 1897, 
Tr;ms., 94), the maltose being c.alcuhited from the copper rcdtiu.'d, 
according to T.'ible XI in th.at p.'iper (he. oil., p. too), after correction 
for (he reduction due (0 the mail-extract. The .starch equivalent to tills 
maltose is then ascertained, on the as.suinption, if the conditions of tlie 
tlicoretical (ujiialion fiave been complied with, that 84'4 ptirts ot maltose 
correspond to too p.nrts ot sl.arch. If the actiiily of the malt-extract is 
not sufTicient to convert the starcli-produets down to this point, due 
allowance must be made for this. 

in this wav, the determination of starch in a barley can be carried 
out in live hours, wliilst that of a malt ret|nin's from to to 1 1 liours. 

The diaslatic power of the malt-extract employed is an important 
considei alion in carrying out this method. 

In all the experiments so far dcscrilted in this pajier, the in.alt useil 
had been kiln-dried in the ordinary manner ;uid had a diaslatic power ol 
40 Lintncr, .Sucli a mall-extract does not quite give the theoretical 
equ, alien of p.age 87* (the '‘Xo. 8 Equation” of Brown and Heron), iiut 
providing the lowest limits .attainable at yf to fio° C. with such a mall 
ntr known, the |)rins'iple of tlie method is not .alTcctesl. For instance, 
when u.sing a malt " itli a diast.atic capacity of 40 Lintner, it ivas found by 
previous experiments on pure slareli that the linal stage in the reaction 
was leaehcd when 8a'5 per cent, of maltose had been formed Ironi too 
ot starch instead ol 84'4 parts. It is better, liowever, to use a ni.alt 
.■- Ir'cii gives the theoretical results niidcr the conditions w e Itavo Laid 
down, and this, as we have already stated, can be ensured with a malt 
oS a diastat'ua power ot 80 Lintner. It we use, malts dried at such aVm 

* C12 II20 Oio + 8 Ha 0 —8 C|2 Hsa On + 2 Cta Hjd O19 

Starch Maltose Dextrin. 



r.Ai;()RATORII-;S OK THK DKKARTMKXTS OK A(iKIC i;i/l I KK 1\ IN DI A. 


D 

t^.i)iporaUir«‘ AS to give a diaslatic capaiil.y ot or iheri’aixjiil.s, llir 

slarch is apt to be over-converted to the extent ol 7 to <S p^r cent., and 
in.-oular results are obtained. 

('d WOODY FIBRK-— The material is to be boiled successively 
for half an hour with (<7) 1*25 per cent, caustic soda or potash, 
[/?) i'25 per cent, of sulphuric acid. 

(4) Acidity. — Tlie material should be titrated with alkali, u.siiig 
])henol-p''lbalein as indicator. 

Pentoses. — The American official inelhod is recommended as 
detailed on page J5 of Dulletin Xo. 4b, U. S. Department of AgiT ulliire 
{r)i\ision of Chemlslry). 

Provisionnl Melhod Jor the Dctmiiivnl ion of Pentosans hy means 
of Phloro^lucin. 

Three grams of the. material are placed In a. llask. together with 
lOO c.c. oi 12 per cent, hydrochloric acid (sp<‘cilic gi':i\ ii rod; and 
si'veral piece.s of recently heated pmnice stone. The ilask, placed ujion 
wire gauze, is connected with a condenser and he.'il applied, ratlier 
gentlv at first, using a gauze top to di^tribute the ilamo, and so regulated 
;is to distil over go c.c, in about ten miuutos. Tlie go (■.<.•, drivoii over 
are replaced bv a like tjuaniity of the dilute acid, and (In' process 
continued so long as the distillate gives a pronounced la'action witli 
iinilin acetate on filler paper. To the completed distillate is gra<Uiallv 
luhlecl a quantity of phloroglucin free from diresorctn liissolved in iJ 
percent, hvdrochloric acid, ami th.e re.siilting lulNliire thontughlv stirred, 
Tlu* amount of phlorogliicin used shoulil he about donliT liiat of 
the furfurol expected. The solution lir>l ltirn> wllnu, then green; 
and very soon an amorphous greenish precipitate appears, which grows 
rajvidly darker, till it finally becomes almost black. The solution Is 
made up to goo c.c. with 12 per cent, liydrochloric acid, and allowed 
to stand over night. 

Tli<‘ amorphous black precipitate is liltered into a lared goocli 
through an asbestos felt, wasliod wilb 100 c.e. of water, dried to 
constant weiglil ]>v lienling from tlireo to four hours at loo*^, cooled 
and weighed, the increase in weight being reckoned as phloroglucidm 
do calculate the furfurol from the pldoroglucide, use the following 
iornuihc : — 

Pldoroglucide (less than and up to 0 2 gram) rSu = furfurol. 
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Phloroglucidc (from o’3 to o'3 grara)-r-i'S95=fur[urol. 
I’lilnroglucido (from o'3 to o'4 grain)-;-r93 = furfurol. 
I'liloroglucide (above o’g gram)-Hr93 = furfuroI. 

To calculate the furfurol to pentosan or pentose, use the [ollowinn 
forniuhe : — 

I. (furfurol 0'0i04)x !‘68=xylan. 

1 !, (furfurol 0'0I04) X2'07 = araban. 

III. (furfurol o'oio4)x r88=pcntosan. 

IV. (furfurol 0'oi04) X i ()i = xylosc. 

V. (furfurol 0'0iO4) x 2-35=arabiii05e. 

VI. (furfurol 0 0104) X2 i3 = pentose. 

Qualilftlivc lest of the purity of the Phloroglucin. 

Dissolve a small quanfity of the pliloroglucin in a few drops of 
acetic anhydride, heat almost to boiling, and add a few drops of 
concentrated sulphuric acid. A violet colour indicates the presence of 
dircsorcin. A pliloroglucin u Inch gives more than a faint colouration 
must be rejected. 

(fi) Sugar.— Soxhlc-t’-s modification of Fchling's method;— 

Volumetric iletermination of reducing Sugars by Fehling’s solution. 
(Commercial Organic Analysis, by .Mien, \'ol. 1, page 2S2.) 

The saccharine solution, prepared as already described, and contain- 
ing from 0-5 to fo gram of sugar per ion c.c., is placed in a burette. 
Ex.actly 10 c.c. of the hehling's solution are measured into a u ide test- 
tube or small flask supported vertically by a clip. Thirtv c.c. of water 
arc added, and a few fragments of tobacco-jupe stem dropped in to 
prevent bumping. The liquid is heated to boiling b\' applvlng a smrili 
flame, and the sugar solution run in, 2 c.c. at a time, boiling between 
each addition. AA'hcn the blue colour of tlie licpiid h.-us imarlv di.s- 

appeared. the sugar solution should bo added more caiitiousK , but it is 

iloirablc to effect the titration as rapidly as pos,sihlc. Tlie end of (lie 
react, on is reached when, on rcmoiing the flame and .allowing the 
cuprous oxide to settle, the supernatant fluid .ap])cars colourless, or 
lai'itly yellow, when viewed against a white surface. If an\ doubt lie 
l.lt as to the termination of the rccactloii, a few drops of the Ihjuid inav 
be filtered through a small filter into a mixture of acetic acid and dilute 
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potassium ferrocyanicle, contained in a porcelain criicilile or placed on 
,1 white plate. If copper be still present in the liquid, more or loss 
brmvn colouration will be observed. 

The results obtained by using Fehling’s solution voliiraetric.illy are 
not generally so accurate as those of the grarinietric method. The 
operation .should be quickly conducted.* 

The following are the weights of the principal kinds of sugar which, 
it is generally assumed, will reduce lo c.c. of Feliling's soliilion pre- 
pared as described on page 2S0. So.vhlet'.s figures are given on pa<'e 
iSy. 

10 c.c. Fehling .solution= -0,500 gram of dcxtro.se, lcvulo.se or 
invert sugar, 

to c.c. Fehling .solution = '0475 gram of cane .sugar (after inver- 
sion). 

10 c.c. Fehling solution = -o678 gram of milk sug.av (kaidose). 

10 c.c. Fehling solution = '0807 gram ot malt .sugar (malLo.se). 

In all cases in svhich Fehling'.s .solution is to be used volumelricallv, 
its true o.xidising power under the conditions of the experiment sliouid 
be .ascertained by actual trial. '0475 gram of drv cane sugar, after 
being inverted as described on page 363, and the solution neutralised, 
should e.xactly decolorise 10 c.c. of Fchling's .solulioii. 

MANURES. 

(i) WATER-SOLUBLE PHOSPHATE. — The method described in 
Addyman’s Agricultural Analysis, page 140, is adopted. It is as 
follows : — 

A portion of the powdery sample is selected as described in 
the chapter on sampling, Part IV, paragraph 119, and placed in 
an iron mortar. Itis banged with the pestle until a smooth, pasty 
mass is obtained. This takes two or three minutes. Of course 
it may happen that a very dry sample has been obtained, in which 
case it will not become pasty. In such a case it must be 


* In pjcser.ee cf much albuminous or other impurity in the sdijar solution, the 
cuprous oxide refuses to settle, and romiins suspended in a fine state of division, rendei iuj' 
the whole liquid muddy. I'llificient previous clarification will alw.ays prevent thi.s incon- 
venience and render unnecessary Die filtration of a few drops of the turbid liquid, witli 
subsequfint testing for copper, by acidulating and adding sulphuretted hyJropen or 
potassium ferrocyanide. 
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remembered that the object of triturating in an iron mortar is to 
break down all hard lumps and to render the mass as homogeneous 
as possible. When the mass is thoroughly mixed, a portion is 
taken out with a spatula. It takes some little practice to enable 
the operator to take off about the right quantity, but if more than 
three grams or less than one gram has been taken, then another 
portion should be taken from the mortar. Two grams should be 
the quantity used. This is weighed out on a watch glass. The 
next operation is to mix this thoroughly with water. The method 
which is most effective is somewhat difficult to describe, though 
in reality very simple. A beaker about 2.V inches high by li 
inch broad is taken, and the weighed mass of ‘ super ’ is placed in 
it by means of a stout glass rod 3! inches long. The portion 
sticking to the watch glass is washed in with not more than 10 c.c. 
of water. The substance has now to be rubbed round the beaker 
with the rod very rapidly until it forms with the water a thin 
paste containing no clots. In doing this the sides of the beaker 
will become smeared all over with the paste. This is washed 
to the bottom of the beaker with a jet of cold water, and the liquid 
made up to about 50 c,c. It is then allowed to stand ten 
minutes, when it will have settled to a considerable extent. The 
liquid is decanted through a filter into an 8-oz, beaker. The 
beaker is filled up again to the same level and decanted off. 
This is repeated with cold and hot water until all the soluble 
portion is extracted. The following series of washings should be 
followed exactly 

(ff) Stir up with cold water 50 c.c. ; 
ji) Fill up twice with cold water 50 c.c, ; 

(r) Twice with hot water 30 c.c. ; 

(li) Boil smartly with 30 c.c. water. 

After the boiling the whole must be transferred to the filter 
paper and the filtrate tested as it drops from the funnel with blue 
litmus paper, If an acid reaction is shown, another washing with 
the hot wash bottle must be given, but as a rule the filtrate is 
found to be neutral, 

(2) Citrate-Soluble Phosphate. — The ollicial nictliod of the 
.\uu'ricaTi Acricultura'i Chemists as detailed in llulletin No. 46, U. S. 
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IJpparlment of Agriculturo (Division of Chemistry), pago ly, is reeom- 
iH’iidecl. It is as follows; - 


Cilndc-imohihlc Phoiphoric Acid. 

(a) In Acidulated Samples.— WccA too r.c. of stridlv neutral 
ammonium citrate solution of 109 specilic graiilv to 65° in a flask 
placed in a bath of warm water, keeping the flask loosely .slopimrcil to 
prevent evaporation. When the citrate solution in the flask has reached 
()f. drop into it the lilter containing the washed residue from the ivater- 
solublc phosphoric acid determination, stopper tightly uilh a smooth 
riibher, and shake violently until the lilter paper' is reduced to a pulp. 
I’lace the flask in the bath and maintain it at .such a toniiieralurc that 
the contents of the flask will stand at exactly 65°. Shake the llask 
every live minutes. At the expiration of exactly tiiirty minutes from 
the time the lilter and residue are introduced, remove tlie flask from 
the bath and Iniinedlateb- Alter the contents as rapidlv as possible. 
Wash tliorouglily with water at 'I'ran.sfer the Alter and its contents 
to a crucible, ignite until all organic matter is destroyed, add from 10 
tni5c.c. of strong hydrochloric acid, and digc.st until all plio.sphatc 
is dissolved ; or return the Alter with contents to the iligestion flask, 
add from 30 lo 35 c.c, strong nitric acid, from 5 to 10 c.c. strong 
ludrochloric acid, and boil until all phospliate is dissolved. Dilute the, 
solution to 200 c.c. If desired, tlie Alter and its contents ma\' br- 
treated according to methods ((i.,!, la.^, or (rii),* under total pltosphoric 

’ Treat 2 grams of the sample by one of the melliods given beluw, After solution, 
cool, dilute lo 200 or 250 c.c., mix, and pour on a dry filter. 

( fj) Evaporate with 5 c.c. of magnesium nitr-atc, ignite, and dissolve in hydrochloric 
acid. 

(fTj) Boil with from 20 tO 30 c.c. of Strong sulphuric acid, adding from 2 lo 4 grams 
of sodium or potassium nitrate at the beginning of tlie digestion ajid n small quantity 
after the solution has becomii ne-irlv colourless, or adding the nitrate in small portions 
fioin time to time. A Kjeldali! flask marked at 25O c.c. is recommended. After the 
solutiyij is colourless, add 150 c.c. of water and boil for a few minutes, cod, and make 
up to mark. 

(nj Digest with strong sulphuric acid and such other reagents as are used in either 
the plain or modified Kjeldahl or Gunning method for estimating nitrogen. Do not 
add any p.itassiurr permanganate, but after the solution has become colourless add about 
>00 c. e. of water and boil for a few minutes, cool, and m^ke up to a convenient 
volume; 2-5 grams of substance and a digestion flask marked at 250 c.c. are recom- 
mended. 
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acid. .Mix n-ell ; filter through a dry filter ; take a definite portion of 
the fillratc and proceed as under total pho.splioric acid. 

!/>) In Non-AdduUtcil Samples.— \\\ case a determination of 
c itrate-insoluble phos|dioric acid is required in non-acidulated samples 
it is to lie made by treating tno grains of the phosphatic material, 
witlioiit previous washing with water, precisely in the way above 
described, except that in case the substance contains much animal 
matter ibono. fish, etc.) the residue insoluble in ammonium citrate is to 
lie troaled bv one of the processes described under total phosphoric 
acid («,,), («j), or (it,). 

Citrate-Soluble Phosphoric Acid, 

The sum of the water-soluble and citrate-insoluble subtracted from 
the total giics the litrate-sohible pliosphoric acid. 

(^) Insoluble Phosphate and Total Phosphate. -Any of the 
.standard melliods may be employed. 

WATERS. 

(1) ALBUMINOID AMMONIA.— Wanklyn’s method Use 500 

c.c. of the water. After distilling off the free ammonia dilute 
to the original volume with water, then add 25 c.c. of the 
alkaline permanganate and distil off 150 c.c., allowing not more 
than 20 minutes for the distillation. 

(2) Hardness,— Hehner’s method as described in Clowes and 
Coleman’s page 354 is recomincnded ; — 

In Hebm-r’s process, the calcium and magnesium carbonates, which 
c.ause the temporary hardness, are first determined by titration with 
st.iiidard .acid. Roth the carbonates and sulphates of calcium and 
magnesium are then precipitated by adding a known volume of standard 
sodium carbon.ate solution in excess and boiling for half an hour {Note 
1). The unchanged sodium carbonate is then estimated by means of 
standard .acid {Note 2}. The amount of sodium carbonate wliich is 
decomposed by the .above sulphates is thus found, and from this the 
permanent hardness is calculated. The hardness is expressed as parts 
of CaCO,. per 100,000. 

iVo/i? — If magnesiam salts are present, the liquid should he evaporated to dryness 
after adding the sodium carbonate. The excess of the sodium carbonate is then extracted 
• om the residue by water ai.d is estimated by titration with the standard acid. 

2.— If this process is used for an alkaline water which contains sodium car* 
benate, a correction must be applied (page ^55). 
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The following solutions arc required : — 

(«) Deci-normal Sulphuric Acid. — Dilute loo c.c. of normal sul- 
phuric acid to one litre. 

ih) Dcci-normal Sodium Carbonate ra/irt/en.—Dis.solvc 5 lori 
grams of pure dry sodium carbonate in water, and niaki’ this solution 
up to one title. Tlic solution may also be i)re[)arcd by diluting too 
r e. of normal sodium carbonate solution to a litre. 

(c) Methyl-orange is ii.sed :is an indicator in Ihese titrations, because 
it is not affected by carbonic acid. 

Estimation of the Temporary ffardness.— Add to 500 c.c. of the 
water, or less if it is very li.ard, a few drops o.f methvl-orange (c). 
Then add the deci-normal sulphuric acid {a) from a burette, until the 
colour of the solution just changes to the red lint. ITom the number of 
c.r. of acid used, the corresponding amount of CaCO^ is calculated, and 
this is converted into parts per 100,000. 

Estimation of the Permanent Hardness. — To 250 c.c. of the 
water add 50 c.c. of tlie dtu i-iiormal sodium carbonate solution [b], 
and boil for about halt an hour. If magnesium salts are present, 
evaporate to dryness and extract the residue witli water, Filter, and 
v.'isli the precipitate or the insoluble m,alter willi boiled distilled water, 
and make the cold filtrate up to 250 c.c. 

Titrate 50 c.c. of the liltrate w itii tlie deci-normal acid (a), using 
inethvl-oraiigc (c) as an indiraior. 

From the nnniber of c.c. ol acid wiiicli have been used, the perma- 
nent hardness is calculated in terms of CatlO,., and this is converted 
into parts per 100,000. 

The Total tfardness may be obtained by adding together the 
temporary and the permanent hardness. 

Estimation of Sodium Carbonate — When the water contains 
sodium carbonate, it will be distinctly alkaline in reaction, and no per- 
manent liardiiess will be present. The amount of sodium carbonate 
present in the water can be easily estimated by means of the standard 
acid {a), since the sodium carbonate « ill remain in solution after the 
w .ater has been boiled. It can therefore be titrated in the f Itrate after 
the carbonates of magiicsiuiii and calcium have been precipitated by 
boiling the water for the determination of the pernianenl hardness. 

Example , — In an estimation of temporary hardness in a water, 500 
c.c, of the water required 8*4 c.c, of deci-normal sulphuric acid. Novv 
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I 11'. of tills acid corresponds to 0-005 CaCO, ; therefore (l e 

weight of CaCOji which would ucnfralise the acid used in thc titratioi, 
is 8-4 X 0-005 = 0 042 gram. Fleiicc tlie parts of calcium carbonate 
per 100,000 = 200 X 0-042 = 8-4. 

In estimaliug (he permanent lianlnes.s, 250 c.c. of the water were 
boiled will] 50 c.c. of deci-normal sodium carbonate solution, and aftc-i- 
llllralion the filtrate was made up to 250 c.c. Filty c.c. of this liquid 
required 8-6 c.c. of deci-normal sulpluiric acid for neutralisation. 

lli-m-c (lie permanent hardness In the 50 c.c. used correspoiuls Is 

JO S-fi = 1-4 c.c. of deci-iioniial sodium carhon.ate solution, since 

10 c.c. of \a,CO.. snUition were jirc.seiil In c-cei-y 50 c.c of tlie soIiiUdh, 
Therefore, (lie miiiiber of c.c. of .V.rX'O,, .soliilfoii corresponding- io the 
perm.'iiieiil hardness in ihe 250 c.c. of the n alcr used = 1,4 X 5 — 7. 
And since 1 c.c. of Ihe sodium carbonate .solution corresponds to 
0-00,5 gram of CaCOj, the pcrm.anenl hardness in 100,000 parts = 7 x 
0-005 ^ 400 = 14. 

Hence the total liardne.ss = 14-4- S-4 = 32 ' 4 . 

OXYGEN ABSORBED. — The method described by Clowes and 
Coleman (page 337) was adopted as official. It is as follows 

The following solutions are required for this process:— 

(«) Solution of PoUissinm PecHwitif/fUKtfe — Dissolve 
0 395 gram of pure potassium permanganate in 1000 
c.c. of water. Each c.c. of this solution contains o oooi 
gram of oxygen available for oxidation 
(D) Sodinm Thiosulphate Solution.— DissoWe. i gram 
of pure recrystallised sodium thiosulphate in I litre of 
water- 

[c] Dilute Sulphuric ^Icirf.— Dilute i volume of pure 
strong sulphuric acid with 3 volumes of water. 

\il) Potassium Iodide A'ofjfNoji.- Dissolve i part of pure 
recrystallised potassium iodide in 10 parts of water. 

[e Starch Solution. — Dissolve i part of starch in loO 
parts of boiling water, and use the clear cold solution. 

The process of estimntiwg the oxipien required 
hi/ the oraanic matter- -Rinse out two i8-oz, conical 
flasks (A, B), first with strong sulphuric acid to destroy 
organic matter, and then with distilled water. Measure 
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into one flask (A) 250 c.c. of pure distilled water, and into the 
other (B) 250 c.c. of the water under examination. Now measure 
into each flask 10 c.c. of the standard potassium permanganate 
solution (ft), and 10 c.c. of the dilute sulphuric acid (c , and mix 
the liquids by shaking them round in the flask. Cover the two 
flasks with watch glasses, and allow them to stand for three hours 
at about 15° C. If the pink colour at any time disappears from 
the water in the flask, the process must be started afresh with 20 
c.c, of the permanganate solution. 

At the expiration of three hours, add to the liquid in one flask 
(A) some of the potassium iodide solution (rfj. The pink colour 
of the permanganate will change to yellow, since the oxygen of 
the permanganate liberates its equivalent of iodine. Now add 
the thiosulphate solution .;i», from a burette, until the colour of 
the liquid in the flask fades to a pale straw tint. At this stage 
add ICC. 01 fresh starch solution (c). A deep blue colour will 
appear: proceed to add more thiosulphate solution gradually 
until this colour entirely disappears. 

Titrate the contents of the other flask ,B) in a similar way. 

'.|) Nitrates and Nitrites — TIk- lollouiiig are rocommendeii 

{a) Copper Zinc couple. 

{If) I’icric acid. 

(r) Jlctaplieiiylene diamine. 
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